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110 IOWA ACADEMY OF SCIENCES.
CONTRIBUTION TO THE STUDY OF REVERSIBLE
REACTIONS.
W. N. STULL.
The object of this investigation has been to determine
the points of equilibrium in the reactions resulting when
solutions of metals are treated with hydrogen sulphide,
and to determine the changes of those points with regard
to changes of temperature. As the work advanced the
importance of the question of the rate of the reactions
became more and more apparent, and as a result I have
dealt at considerable length with this factor and with the
effects of temperature and agitation upon it.
The two metals first employed are zinc and cadmium,
chiefly because an investigation of the action of hydrogen
sulphide upon these would not only serve the original pur
pose of the study, but, it was thought, might throw consid
erable light upon their quantitative separation. The present
paper, which is to be considered as merely preliminary,
deals with the rate of the reactions in solutions of zinc
and cadmium.
Of course when hydrogen sulphide acts upon zinc chlo
ride we have a reversible reaction represented as follows:
ZnCl2 1 H2S < •> 2HC1 + ZnS,
which in the beginning runs rapidly from left to right, but
diminishing as zinc sulphide and free hydrochloric acid are
formed and react upon each other in the direction from
right to left. By "diminishing" is here meant the dimin
ishing effect, and not the rate of interaction between the
molecules. This is dependent only upon the concentra
tion of the reacting substances, and a specific rate of the
reaction which is independent of the concentration.
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If we call the original concentration of zinc C, and
start with a neutral solution the equivalents of ZnS pre
cipitated or the HC1 set free at any moment X,—and the
specific rates of the reactions from left to right and from
right to left, respectively, k and k„ then the rates at any
moment will be (C - K)h.k and K,.k' and equilibrium will
be reached when (C - X)h.k = X,.k', where h represents the
hydrogen sulphide which is regarded here as constant.
Before proceeding with the presentation of the data, a
few words regarding the quantitative methods used are
desirable. It was necessary to determine the total acid in
each solution at the beginning, and the metal remaining
in the solution at the end of any chosen period. From
these data the free acid at the end of any period could be
calculated. Sulphuric acid was determined as barium
sulphate in the usual way, hydrochloric acid volumetric-
ally by the method of Volhard, cadmium as the sulphide
which was weighed in a Gooch crucible, and zinc by the
ferrocyanide method of Lyte.
The last named method seems not to have attained a
use to which its accuracy and rapidity entitles it, and a
few words in recommendation of it are not deemed inap
propriate. The solution is acidified with hydrochloric
acid and titrated with a solution of potassium ferrocyanide
which has been standardized by a zinc solution of known
strength, the titrations being carried on at about 70°.
Uranium acetate is used as an indicator. A few drops
may be added to the solution which is colored brown when
the ferrocyanide is added in slight excess. It is more
exact to bring a drop of the solution under titration and
near the end point, in contact with a drop of the indicator
on filter paper. A brown line is formed where the two
drops flow together. With care titrations are concordant
to a few hundredths of a per cent., and the method seems
to deserve rank among the standard methods of volumetric
analysis.
The zinc used in this work was a pure distilled specimen
from Schuchardt, which dissolved without residue and gave
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a sulphide which was perfectly white. The cadmium was
from the same manufacturer and gave a pure, bright yellow
precipitate in acid solution.
The solutions to be treated with hydrogen sulphide were
placed in tubes holding about 100 c.c., immersed in a large
water bath kept at constant temperature by means of a
thermostat, and a stirrer driven by a small hot air motor.
At first a thermometer graduated in tenths was placed in
the solution and the temperature kept within 1/0.1° of
the desired point, but this was discontinued when it was
found how small is the influence of temperature upon
the rate of precipitation. At temperatures above that of
the laboratory the hydrogen sulphide was first passed
through a tube immersed in the bath and containing
water, in order to compensate for any loss by evaporation.
The hydrogen sulphide was generated in a Kipp's appa
ratus and washed by passing it through water. The rate
of the gas was about two bubbles per second, or about
three to four liters per hour. Where not otherwise stated
the temperature of precipitation was 20°.
At first the thought was to make the determinations in
duplicate and to this end the gas was passed through two
solution tubes connected tandem. The following table
shows the results. Numbers 1 and 3 are the solutions
nearer the Kipp's apparatus and 2 and 4 are their dupli
cates. The solution used was nearly neutral zinc chloride:
SERIES I.
NO. OF
EXAMINATIONS. TIME— HOURS.
% ZINC IN
SOLUTION.
% FREE ACID IN
SOLUTION
1 3 1.454 3.24
2 3 1.736 2.92
3 3 1.503 3.18
4 3 1.750 2.S6
The fact that the duplicates contain much more zinc
than 1 and 3 led at once to the conclusion that precipi
tation was by no means completed in three hours, even
though the gas had actively bubbled through the solutions
during the entire time. This came somewhat as a sur
prise, and naturally all other objects were placed aside
until it could be determined whether it was practicable to
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reach an equilibrium in this reaction. To this end the fol
lowing series of determinations was made. As may be
seen from the table the precipitation is most rapid about
an hour after the beginning, then falls slightly and soon
becomes nearly uniform. In general it may be said, that
within the total period, the amount of precipitation is
nearly proportional to the time, and at the end of seven
and a half hours the reaction is yet far from a state of
equilibrium. The result is plotted in curve " M," and
from it one might easily infer that with sufficient time the
precipitation of zinc even in this strength of acid might be
complete.
SKRIES II.
NO, OF
EXAMINATIONS. TIME— HOURS.
ZN IN
SOLUTION. FREE Hcl.
1 i 4.30
2 1 3.84 0.57
3 H 3 47 0 98
4 2 3 00 1 53
5 24
'
2.78 1.76
fi 8 2 63 1 92
7 84 2.48 2.0H
8 4 2.31 2.27
9 44 2.25 2.35
10 5 2 13 2.48
11 5i 1.98 2 65
12 6 1.92 2 72
13 64 1 81 2.84
14 7 1 69 2 98
15 74 1 55 3 18
Experiments were now undertaken to ascertain the
influence of time alone. The results are given in the
table below, in which X represents the time during which
the gas was passed through the solution, and Y gives the
time during which the solution was allowed to stand in
contact with the precipitated zinc sulphide before it was
filtered and the zinc determined. The results evidently
point to a three-sided equilibrium between hydrogen
sulphide, zinc chloride and hydrochloric acid:
SERIES III.
NO. OF
EXAMINATIONS. X. M.
ZN IN
SOLUTION. FREE Hcl.
1 2 18 1.13 a.ba
1 18 2.40 2.18
3 1 42 2 40 2 17
8
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F.our other experiments were performed consecutively
upon the same solution with the results given below. In
experiment (3) the solution after standing twelve hours
was shaken for one and one-half hours, and a portion fil
tered off and the zinc determined. It should be mentioned
that all the solutions after long standing smelled strongly
of hydrogen sulphide.
SERIES IV.
NO. OF
EXAMINATIONS. X. M.
ZN IN
SOLUTI0N. FREE Hcl.
1 1 1 83
a 1 12 1.56 3.11
3 1 18i 1 57 3.10
4 8i 1HJ 0.H9 3 87
Series III and IV are not comparable since the precipi
tation vessels and the volumes of the solutions were not
the same.
Even though the agitation seemed to have little effect
as shown in Series IV, it seemed desirable to try a series
of experiments to determine the effect of agitation while
hydrogen sulphide is passing through the solution. To
this end two solutions at the same temperature were sim
ultaneously treated with hydrogen sulphide flowing from
two generators and at very nearly the same rate. In one
of the tubes was a small stirrer. The effect seems to be a
slight acceleration of the reaction.
SERIES V.
NO. OF
EXAMINATIONS. TIME. TOTAL Hcl.
ZN REMAINING IN
STIRRBD SOLUTION.
ZN IN SOLUTIONS
NOT STIRRED.
1 1 4.86 a 53 :j.65
2 a 4 86 2.85 2 80
3 3 4.86 2.15 2 23
4 4 4 86 1.73 2.01
The effect of temperature was next considered. A new
solution of zinc containing 3.94 per cent of hydrochloric
acid and 3.49 per cent of zinc was used, with the results
given in Series VI.
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SERIES VI.
NO. OF
EXAMINATIONS. TEMPERATURE. TIME.
ZN REMAINING IN
SOLUTION.
1
2
5 hours
5 hours.
1.41
1.49
It is evident that a difference of 30 3 causes very little
difference in the rate of precipitation, and probably the
point of equilibrium is only very slightly shifted by change
in temperature, but the latter point has not yet been
determined.
A solution of zinc sulphate was next used, in order to
determine the part played by the acid. The method
employed was essentially the same as that previously
described, namely, fractional precipitation and the deter
mination of the zinc and free acid in the several frac
tions. The rate of the gas was, as before, about four liters
per hour. It will be observed that the precipitation is
practically complete at the end of seven hours, even
though 4.47 per cent of free sulphuric acid was present.
In general the curve closely resembles that of the chloride.
SERIES VII.
NO. OF
EXAMINATIONS TIME
ZN REMAINING IN
SOLUTION. FREE H2 S04.
1 1.60 2.18
2 2 1.25 2 65
3 3 .75 3 40
4 4 .38 3.95
5 5 .18 4.26
6 6 .07 4.38
7 7 .03 4.47
In order to find the point of equilibrium, if possible, a
solution containing more acid was used. As may be
observed in Series VIII, precipitation was still going on at
the end of ten and a half hours when there was 5.25 per
cent of free acid in the solution. The results are shown
graphically in curve Y.
6
Proceedings of the Iowa Academy of Science, Vol. 8 [1900], No. 1, Art. 17
https://scholarworks.uni.edu/pias/vol8/iss1/17
116 IOWA ACADEMY OF SCIENCES.
SKRIES VIII.
NO. OF
EXAMINATIONS. TIME.
ZN REMAINING IN
SOLUTION. FREE H2 SO4.
1 1 4.24 u 95
2 2 8.68 1.76
3 3 3.35 2.28
4 4 2.95 2.88
(5 ■H 2.54 3 49
6 6* 2.35 3.77
7 7* 2 08 4.18
8 9 1.80 4 61
9 mi 1.37 5.25
The next solution experimented upon was one of cad
mium chloride, which contained 9.47 per cent of the metal
and a total of 11.33 per cent of hydrochloric acid. Cad
mium is so similar to zinc that the results could be pre
dicted with reasonable certainty. The following table
gives the data from which it may be seen that cadmium
sulphide was still being slowly precipitated at the end of
eight hours from a solution containing more than ten per
cent of free acid.
SKRIES IX.
EXAMINATIONS.
NO. OF TIME. CD. REMAINING INSOLUTION. FREE Hcl,1 3
1 2 4.00 8.73
2 3 2 96 9 40
3 4 2 42 » 94
4 5 1 81 10 15
5 7 1.75 10.19
6 8 1 64 10. 26
In summarizing the results several facts are to be noted.
The reactions studied are surprisingly slow, whereas most
heavy metals are immediately precipitated by hydrogen
sulphide. The precipitation curve, as one would expect,
slants rapidly at first, but after passing the gas through
the solution two or three hours the curve assumes a direc
tion more and more nearly parallel with the axis of
abcissa. The characte* of the curve, moreover, is inde
pendent of the character of the acid. (See Figure 2.)
Agitation hastens the precipitation only very slightly,
and it may be assumed that it does not alter the point of
equilibrium.
A moderate rise in temperature retards the reaction of
hydrogen sulphide and zinc only slightly, and probably
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does not greatly influence the point of equilibrium, though
the evidence in this regard is not conclusive. Solubility
usually increases with temperature, and we should expect
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Figure 2.
more zinc sulphide to dissolve in a given time at the
higher temperature, and that, therefore, the effect of the
reaction,
ZnCL-fH2SJ=Zn+2HCl
from left to right would be less in any given period. The
decrease in the active mass of hydrogen sulphide at the
higher temperature should, leaving change in ionization
out of account, contribute to the same result. There are,
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however, in such a complex system so many unknown or
unmeasurable influences that speculation seems hardly
justifiable at this stage of the work.
It is hoped that the foundations have been laid for the
more accurate separation of zinc and cadmium through
hydrogen sulphide. Every teacher of Chemistry knows how
often in analytical work zinc is precipitated with the metals
of the copper group and lost, and how often cadmium fails to
come down in its proper place in that group. From the data
given above it is evident that the long continued action of
hydrogen sulphide will precipitate zinc from a solution
containing less than about four per cent of free hydro
chloric acid. It is also evident that cadmium will not be
completely precipitated within a reasonable length of time
if the solution contains more than about eight per cent of
the same free acid. This leaves a working latitude of only
about four per cent of free acid, and the difference becomes
practically even less when we take into account the acid
set free in the reaction.
The exact conditions necessary to effect the most nearly
complete separation of zinc and cadmium at a single pre
cipitation will receive further study.
I wish here to take the opportunity to express my sin
cere thanks to Dr. W. S. Hendrixson at whose suggestion
this work was begun, and to whose kindly aid and advice
is largely due any success which this little study may have
attained.
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